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Mechanism of renal potassium conservation in the rat. The
mechanisms responsible for renal potassium (K) conservation
during dietary potassium deficiency are poorly understood. This
study was undertaken to investigate the time course of potassium
conservation as well as the roles of distal sodium (Na) delivery,
the distal delivery or sodium pius a nonpermeable anion, mineralo-
corticoid hormone, renal tissue potassium content, and Na-K-
ATPase activity in renal potassium conservation. After 72 hours
of a low-potassium diet, basal potassium excretion was negligible.
After 24 hours, and even more so after 72 hours of potassium
restriction, the kaliuretic response to increasing distal delivery of
sodium or sodium plus a nonpermeable anion was impaired. Af-
ter 24 hours of a low-potassium diet, plasma aldosterone levels
fell from 180 25 to 32 9 pg/mI (P <0.001). Mineralocorticoid
hormone given in the first 24 hours of a low-potassium diet re-
sulted in a greater potassium loss (1564 125 SEq) than it did in
controls on the same diet not receiving mineralocorticoid hor-
mone (1032 83 SEq, P <0.005). In contrast, after 72 hours of
diet, large doses of mineralocorticoid hormone failed to cause a
kaliuresis in either anesthetized or conscious rats. After both 24
and 72 hours, outer medullary Na-K-ATPase was increased. At
72 hours, cortical, meduliary, and papillary tissue potassium
concentrations were significantly depressed. Acute administra-
tion of potassium repleted tissue potassium levels and restored
basal and saline-stimulated potassium excretion to normal. Al-
though potassium excretion was markedly depressed after 24
hours of the low-potassium diet, 42K microinjection studies of the
distal nephron did not suggest any increase in potassium reab-
sorption. Following 72 hours of diet, potassium reabsorption in-
creased significantly from 26 2% to 41 2% (P <0.001). We
conclude that renal potassium conservation is at first primarily
related to a decrease in potassium secretion, which is most likely
mediated by falling levels of mineralocorticoid hormone. After
72 hours of the potassium-deficient diet, however, potassium
conservation becomes independent of mineralocorticoid hor-
mone, distal delivery of sodium, and Na-K-ATPase. The de-
creased tissue potassium content appears to be the primary me-
diator of both the increase in potassium reabsorption by the dis-
tal nephron and of renal potassium conservation at this time.
Mécanisme de conservation renale du potassium chez le rat. Les
mecanismes responsables de la conservation renale du potas-
sium (K) au cours du deficit alimentaire en potassium ne sont pas
clairs. Cette etude a ete entreprise pour preciser l'evolution
dans le temps de Ia conservation de potassium et aussi les râles
du debit de sodium (Na distal, du debit distal de sodium, et d'un
anion non permeant, des mineralocorticoides, du contenu en po-
tassium du tissu renal et de l'activite de la Na-K-ATPase dans la
conservation renale de potassium. Aprés 72 heures d'une au-
mentation pauvre en potassium l'excretion basale de potassium
est negligeable. Aprés 24 heures, et encore plus aprés 72 heures,
de restriction de potassium, la reponse kaliuretique a l'aug-
mentation du debit distal de sodium, ou de sodium et d'un
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anion non permeant, est modiflee. Aprés 24 heures de restriction
de potassium, Ia concentration d'aldosterone plasmatique chute
de 180 25 a 32 9 pg/mI (P < 0,001). L'administration de
mineralocorticoldes dans les premieres 24 heures d'un regime
pauvre en potassium a pour consequence une perte de potassium
plus importante (1564 125 SEq) que chez les contrôles soumis
au mCme regime mais ne recevant pas minéralocorticoldes (1032
83 SEq, P < 0,005). Au contraire, aprés 72 heures de cette
alimentation, des doses importantes de mineralocorticoides ne
produisent pas de kaliurêse, chez les rats eveilles ou anesthë-
sies. Après 24 et 72 heures, l'activité Na-K-ATPase de la medul-
laire externe est augmentee. A 72 heures, les concentrations tis-
sulaires de potassium corticale, medullaire et papillaire sont sig-
nificativement diminuees. L'administration aigué de potassium
restaure Ia concentration de potassium tissulaire et retablit des
valeurs de kaliurêse normales, en situation basale et aprés stimu-
lation par une charge saline. Bien que l'excrétion de potassium
soit fortement deprimee après 24 heures d'alimentation pauvre
en potassium, les résultats des microinjections de 42K dans le
nephron distal ne suggérent pas d'augmentation de la reabsorption.
Après 72 heures la reabsorption de potassium augmente signifi-
cativement de 26 2% a 41 2% (P < 0,001). Nous concluons
que la conservation renale de potassium est primitivement la
consequence d'une diminution de Ia secretion, laquelle est trés
probablement determinee par la baisse de concentration de mm-
eralocorticoides. Aprés 72 heures de regime pauvre en potas-
sium, cependant, la conservation de potassium devient in-
dependante de mineralocorticoides, du debit distal de sodium et
de Ia Na-K-ATPase. La diminution du contenu tissulaire en po-
tassium parait Ctre le premier mediateur a Ia fois de
l'augmentation de Ia reabsorption par le nephron distal et de la
conservation de potassium a ce stade.
The curtailment of dietary potassium (K) intake
culminates in a marked decrease in the urinary ex-
cretion of this cation. Unlike the extensive investi-
gations available on the renal response to dietary
sodium (Na) restriction [1], neither the precise time
course nor the renal response to potassium restric-
tion are defined well. Thus, the roles that various
factors known to affect potassium excretion play in
mediating the renal conservation of potassium have
not been elucidated fully in the rat. A decrease in
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the distal delivery of sodium, as was observed in
rats on a potassium-deficient diet for 3 weeks,
could, for example, be an important mediator of the
decreased potassium excretion in response to diet-
ary restriction [2—4]. Alternatively, other factors
that may influence potassium excretion include
mineralocorticoids, tissue potassium content [5, 6],
distal nephron luminal negativity [7], and the activi-
ty of the enzyme Na-K-ATPase [8]. Thus, the pres-
ent study was undertaken to delineate the time
course and mechanisms involved in renal potassium
conservation in the rat. Our results reveal that po-
tassium conservation occurs very promptly in this
species. During the first 24 hours, a decrease in cir-
culating mineralocorticoid hormone appears to be
an important mediator of this response. Within 72
hours of potassium restriction, however, the de-
crease in potassium excretion is independent of de-
creases in mineralocorticoid hormone, distal so-
dium delivery, and Na-K-ATPase, but it closely
parallels the potassium content of renal tissue.
Methods
Studies were performed in male Sprague-Dawley
rats weighing between 200 and 300 g. Animals were
fed either a potassium-deficient and magnesium-
supplemented diet (ICN Pharmaceuticals, Cleve-
land, Ohio) containing 4 mEq of potassium per kilo-
gram of diet and 230 mEq of sodium per kilogram of
diet or a diet of normal potassium content (210
mEq/kg of diet). The diet of normal potassium con-
tent was prepared by supplementing the deficient
diet with a combination of potassium chloride and
neutral phosphate salts. Water intake was allowed
ad lib. Although animals placed on the potassium-
• restricted diet may eat less than control rats do,
over the short periods involved in the present study
(3 days) there was no significant difference in the
weight of food consumed by the two groups (50.3 g
per 3 days for control rats vs. 49.7 g per 3 days for
low-potassium rats). The animals then were studied
according to one of the following experimental pro-
tocols.
Effect of dietary potassium restriction on urinary
potassium excretion. Six animals were studied in in-
dividual metabolism cages (Hoeltge Co., Cincin-
nati, Ohio) that allowed food, urine, and feces sepa-
ration. After allowing 24 hours for adaptation to the
cages, the rats were maintained on the normal-po-
tassium diet for 2 days and then placed on the potas-
sium-deficient diet for the following 6 days. The
food consumed was weighed daily, and 24-hour
urine volumes were analyzed for sodium and potas-
sium concentrations.
Role of distal sodium delivery on potassium ex-
cretion. The role of a decrease in distal sodium de-
livery as the mediator of potassium conservation
was studied by means of a graded sodium chloride
or sodium sulfate infusion in rats maintained on a
normal potassium diet (N = 13) or on a potassium-
deficient diet for either 24 hours N = 16) or 72
hours (N = 15). The animals were anesthetized with
pentobarbital (60 mg/kg, i.p.), and, when necessary,
they were given supplemental doses of pentobarbi-
tal (3 to 5 mg, i.v.). After a tracheostomy was per-
formed, the right jugular vein was exposed and two
indwelling polyethylene catheters were inserted,
one for the continuous infusion of normal saline
containing 4% inulin at 1.5 cc/hr and the other for
subsequent infusion of additional saline. A polyeth-
ylene catheter was placed in the right carotid artery
for monitoring blood pressure and for sampling
blood. The bladder was catheterized through a su-
prapubic incision and ligated so as to eliminate dead
space. After surgery was performed, fluid losses
were replaced with a volume of normal saline equiv-
alent to 0.5% body weight. Inulin in normal saline
then was infused at 1.5 cc/hr. After 45 mm, three
urine collections were obtained and the saline in-
fusion rate then was increased to 6 cc/hr. After 30
mm of equilibration and stabilization of flow, three
urine samples were collected again, and the saline
infusion rate was increased to 24 cc/hr. Following
the equilibration time, three further urine collec-
tions were obtained. The volumes were measured,
and samples were analyzed for sodium, potassium,
and inulin concentrations. A plasma sample was ob-
tained at the midpoint of each infusion for analysis
of sodium, potassium, and inulin concentrations.
An equivalent volume of normal saline was admin-
istered to replace volume loss. To increase the dis-
tal delivery of sodium with a nonreabsorbable an-
ion, we performed studies using the same protocol
in which sodium sulfate (sodium concentration, 150
mEq/liter) was infused instead of sodium chloride.
Role of mineralocorticoid hormone. To assess
the effect of a decrease in the dietary intake of po-
tassium on the circulating levels of mineralo-
corticoid, we measured plasma aldosterone levels
by radioimmunoassay [9] in rats on a normal potas-
sium diet (N = 11) and in rats on a potassium-
deficient diet for either 24 hours (N = 11) or 72
hours (N = 8). In these animals, blood was obtained
by aortic puncture following pentobarbital anes-
thesia.
Since potassium deficiency was found to be asso-
ciated with an abrupt decrease in plasma aldoste-
rone levels (vide infra), the physiologic significance
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of this decrease in mineralocorticoid levels on po-
tassium conservation was further examined in an-
other series of rats. Thus, mineralocorticoid levels
were prevented from decreasing by the administra-
tion of exogenous mineralocorticoid to rats placed
on a potassium-deficient diet. Three groups of rats
consuming the potassium-deficient diet were inves-
tigated. Group 1 (N = 13) received carrier oil injec-
tions subcutaneously, group 2 (N = 8) was given
subcutaneously 500 sg of desoxycorticosterone
acetate (DOCA) concomitant with initiation of the
potassium-deficient diet, and group 3 (N = 8) was
given up to 5 mg of DOCA after 72 hours of the
potassium-deficient diet. Potassium balance was
monitored over each 24-hour period, and the nega-
tive potassium balance was compared between
groups.
Role of Na-K-A TPase. Since the activity of the
enzyme Na-K-ATPase has been found to play a
critical role in the adaptation to a high-potassium
diet [8], its role in the renal conservation of potas-
sium was studied. Whole homogenates of outer
medullary tissue were assayed for enzyme activity
in ten rats on a normal-potassium intake and in rats
on the potassium-deficient diet for either 24 hours
(N = 8) or 72 hours (N = 6). In addition, enzyme
activity was determined in six rats receiving DOCA
(5 mg) concomitant with the initiation of the experi-
mental diet.
The kidneys were excised from pentobarbital-
anesthetized animals, and the entire outer medulla
was removed and placed in I m sodium bicarbo-
nate. The medulla was homogenized with the
Dounce glass homogenizer and filtered through two
layers of gauze. Na-K-ATPase was determined ac-
cording to the method of Simon et al [10].
Role of tissue potassium. The role of renal tissue
potassium content as a mediator of the decreased
urinary excretion of this cation was studied by mea-
suring the potassium content of the cortex, medulla,
and papilla, as well as skeletal muscle according to
the tissue-slice method of Butkus, Alfrey, and Mill-
er [11] in rats on a diet of normal-potassium content
(N = 12) and in rats on a potassium-deficient diet
for either 24 hours (N = 6) or 72 hours (N = 6). The
tissue-slice method for determining potassium is a
chemical measurement of bulk cellular potassium.
Although electrometric measurements of cellular
potassium are capable of determining that part of
bulk potassium available for transport [6], there
have been no published studies that have dis-
sociated the chemical from the electrometric meth-
ods of determining cellular potassium. The signifi-
cance of the decreased potassium content measured
at 72 hours (vide infra) was studied by acutely re-
pleting the potassium content of the tissues. This
was accomplished by the nasogastric administering
of 2500 Eq of a combination of potassium chloride
and neutral phosphate salts to animals placed on a
low-potassium diet for 72 hours (N = 6). This
amount of potassium was found to result in a posi-
tive potassium balance over 3 hours, which was
identical to the positive potassium balance over 24
hours of rats maintained on a low-potassium diet for
72 hours and subsequently refed a normal-potas-
sium diet for 24 hours (2200 Eq). Three hours lat-
er, the animals were killed, and the tissue content of
potassium was compared to that of a group of ani-
mals maintained on a normal-potassium diet (N = 6)
who were gavaged with a comparable volume (0.5
cc) of deionized water. The cortical, medullary, and
papillary potassium content of the six rats gavaged
with water was not different from that of the 12 pre-
viously noted rats on a normal-potassium diet, and
thus the results of these 18 animals were combined.
Likewise, 3 hours after the nasogastric gavage was
performed, the kaliuretic response to a graded sa-
line infusion was compared in a group of acutely
repleted animals (N = 9) to that response in a group
of control animals receiving deionized water (N =
7) by the methods outlined in the second protocol.
Micropuncture studies. To determine the relative
roles of decreased potassium secretion and in-
creased potassium reabsorption on urinary potas-
sium excretion after 24 and 72 hours on a potas-
sium-deficient diet, we performed micropuncture
studies. These experiments were performed on 16
rats which had eaten either a control-potassium diet
(N = 5) or a low-potassium diet for either 24 hours(N = 6) or 72 hours (N = 5). Animals were allowed
food and water up to the time of the experiment.
The methods of preparing the animals for micro-
puncture have been described in a previous paper
[12]. All animals were infused with 2.5% sodium
chloride at the rate of 3.2 mllhr/100 g of body
weight. Approximately 45 mm after the infusion
was begun, early distal tubules were located by sys-
temic injection of lissamine green dye.
The protocol followed for microinjection of 42K
into early distal tubules was that of Fowler,
Giebisch, and Whittembury [13], with the exception
that the volume of injectate used in all our experi-
ments was 20 nl. As shown in that study, use of a
larger volume of injectate may mask a difference in
potassium reabsorption by overloading the reab-
sorptive mechanism. Radioactive potassium (New
England Nuclear Corp., 5 to 10 CiIml at shipment
time, and prepared to yield a final potassium con-
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centration of 10 to 15 mEq/liter) was diluted with
'4C-inulin (New England Nuclear Corp., 100 Ci/
ml) and colored with a small amount of lissamine
green dye. Inclusion of 14C in the injectate volume
was used to control for loss of isotope on the sur-
face of the kidney. Data from an injection was
deemed acceptable only if '4C inulin recovery was
greater than 94%. In fact, in the micropunctures
used for analysis, '4C recovery approached 100%.
Injections were complete within 30 sec. Ureteral
urine was collected during the injection and at 1-mm
intervals for 5 mm. Isotope recovery was nearly
complete within 2 mm for both 'C inulin and 42K,
which closely paralleled each other. At least 15 mm
was allowed between injections. Radioactivity was
measured by liquid scintillation counting (Searle
Delta 300) in Budgetsolve (RPI). Samples were cor-
rected for spillover of 42K counts into the 14C chan-
nel and for the decay of the 42K (t 1/2, 12 hours).
In five rats on either normal or low-potassium in-
take and chosen for microinjection of 42K, fractional
delivery of potassium to the early distal tubule was
also measured. After complete excretion of the C
inulin, free-flow samples of tubular fluid were col-
lected from the same early distal site. Inulin was
measured by the method of Vurek and Pegram [14],
and potassium was measured by a helium glow
flame photometer (American Instrument Co., Tray-
enol Laboratories, Inc., Silver Spring, Maryland).
Sodium and potassium concentrations were de-
termined by flame photometry and inulin by stan-
dard methods [15]. Statistical analyses were per-
formed with the unpaired Student's t test and a one-
way analysis of variance with Scheffe's test for mul-
tiple comparisons [16]. A P value <0.05 was con-
sidered significant. Data are expressed as the mean
I SEM.
Results
Effect of a potassium-deficient diet on urinary po-
tassium excretion (Fig. 1). The prompt decrease in
urinary potassium excretion that ensues upon insti-
tution of a potassium-restricted diet is depicted in
Fig. 1. Animals consuming a diet of normal-potas-
sium content had urinary potassium concentrations
of approximately 3000 p.Eq/24 hr. After the initia-
tion of a potassium-deficient diet leading to the daily
consumption of only 100 tEq/24 hr, urinary potas-
sium excretion fell precipitously. During the initial
24 hours of the diet, urinary potassium excretion
was less than 50% of that excreted while on a diet of
normal-potassium content (1300 150 Eq). Be-
tween 72 and 96 hours of the potassium-deficient
diet, potassium excretion was less than 130 /LEq/24
hr. Because of these abrupt changes in potassium
excretion after just 24 hours of potassium restric-
tion, we performed further studies after 24 and 72
hours of the low-potassium diet.
Effect of increased distal sodium delivery on po-
tassium excretion (Table I). To assess the possi-
bility that decreased fluid delivery from the proxi-
mal nephron as demonstrated by Bank and Ayned-
jian [2] was important in potassium conservation,
we increased the distal sodium delivery by means of
a graded infusion of sodium plus the reabsorbable
anion chloride as well as the nonreabsorbable anion
sulfate.
Table 1 summarizes the GFR and urinary excre-
tions of sodium and potassium during a graded so-
dium chloride (top panel) or sodium sulfate (bottom
panel) infusion in rats on the control-potassium diet
or after either 24 or 72 hours of potassium defi-
ciency. For each group, sodium excretion is defined
arbitrarily as basal (urinary sodium excretion < 4
Eq/min), medium (urinary sodium excretion be-
tween 4 and 13 Eq!min), or high (urinary sodium
excretion > 13 xEq/min). During sodium chloride
infusion, the GFRs were comparable for all three
groups of animals. After 24 hours of dietary potas-
sium restriction, urinary potassium excretion was
blunted at each range of sodium excretion. Thus,
even at very high sodium excretion rates (mean uri-
nary sodium excretion, 39.22 jEq/min), potassium
excretion (1.06 Eq/min) was still below that of
control animals (1.66 Eq/min) excreting less than 4
Eq/min of sodium. After 72 hours of potassium re-
striction, the kaliuretic effect of the graded saline
infusion was significantly more blunted. Inspection
of Table 1 reveals that potassium excretion in rats
subjected to a low-potassium diet for 72 hours was
only 0.61 j.dEq/min at a mean sodium excretion rate
of 35.7 pEq/min, whereas animals on a control-po-
4000
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Fig. 1. Urinary potassium excretion in six animals placed on a
low-potassium diet.
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Table 1. Effect of a graded salme or sodium sulfate infusion on potassium excretion
Control 24-Hour low potassium 72-Hour low potassium
Basal Medium High Basal Medium High Basal Medium High
Sodium chloride
N 5 6 6 7 7 6 6 6 6
GFR,cclmin 2.39
0.13
2.26
0.13
3.10
0.15
1.90 2.17 2.56
0.14 0.19 0.21
1.90
0.24
2.07
0.19
2.46
0.20
UNaV, Eq/min 1.60
0.51
7.00
1.6
33.30
4.37
2.38 8.47 39.22
0.53 0.98 5.89
1.46
0.65
5.83
0.41
35.72
3.1
UKV, pEqimin 1.66
0.24
2.83
0.16
4.04
0.12
0.70 1.38 1.06
0.09 010b Ø14b
0.10
oo2b
0.35
Ø05b
0.61
006b
Sodium sulfate
N 6 6 7 9 6 6 7 9 9
GFR,cclmin 1.99
0.23
2.20
0.12
2.65
0.12
2.04 1.90 2.66
0.12 0.19 0.10
2.09
0.22
2.23
0.14
2.58
0.08
UNV, pEqimin 2.73
0.37
9.69
1.13
47.70
3.04
3.05 10.88 54.55
0.44 0.84 3.06
3.23
0.18
10.02
1.09
56.80
1.78
UKV, pEq/min 2.38
0.24
3.24
0.30
3.87
0.24
1.59 2.28 2.14
0.15e 0.20 0•10b
0.83
005b
1.37 1.41
Ø08b
a p < 0.01 vs. control at same sodium excretion.
b P < 0.001 vs. control at same sodium excretion.
P < 0.05 vs. control at same sodium excretion.
tassium diet excreted over 4 tEq/min of potassium
at comparable levels of sodium excretion.
There also were no differences in GFR between
groups during the sodium sulfate infusions. After
both 24 and 72 hours of the low-potassium diet, a
kaliuretic effect was observed with increasing the
distal delivery of sodium plus a nonpermeable ani-
on, but this kaliuresis again was impaired when
compared to control animals. This data demon-
strates that the kaliuretic response to increased so-
dium delivery with either a permeable or non-
permeable anion, although by no means entirely ab-
sent, is markedly impaired by dietary potassium
restriction. We did not directly measure sodium de-
livery to the early distal tubule in the above studies.
It therefore is not possible to ensure that com-
parable deliveries ensued in all groups of animals.
Since sodium delivery to the distal tubule has been
shown to increase in proportion to increment in
fluid delivery to the nephron site [17], since relative-
ly small increments in distal sodium delivery pro-
vide a powerful stimulus to potassium secretion
[18], and since the urinary excretion of sodium in-
creased markedly in all animals with the graded in-
fusions, there is little reason to doubt that these in-
fusions provided adequate distal delivery of sodium
in animals on either normal or potassium-deficient
diets. It is clear therefore that potassium con-
servation occurred despite adequate increases in
sodium delivery to the potassium-secreting site of
the nephron.
Effect of potassium restriction on mineralo-
corticoid levels and their role in renal potassium
conservation (Figs. 2 and 3). Since mineralo-
corticoid hormones play a pivotal role in potas-
sium homeostasis, the role of these hormones in ad-
aptation to a low-potassium diet was evaluated. Fig-
50 **
0—
Fig. 2. Plasma potassium and plasma aldosterone levels in ani-
mals on a control-potassium diet (N = 1/) and after 24 hours(N = 11) or 72 hours (N = 8) of a potassium-deficient diet.
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Low—K diet + carrier oil
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Fig. 3. Negative potassium balance over 24 hours in eight ani-
mals to whom DOCA was administered concomitant with initia-
tion of a low-potassium diet (top panel) and in eight animals to
whom DOCA was administered after 72 hours of diet (lower pan-
el). Thirteen animals were maintained on a low-potassium diet
and were given oil.
ure 2 shows the effect of the potassium-deficient
diet on plasma potassium and plasma aldosterone
levels. After 24 hours of potassium deficiency,
plasma potassium was reduced from 4.29 to 3.62
mEq/liter (P < 0.01), and plasma aldosterone from
180.7 to 32.3 pg/mi (P < 0.001). After 72 hours, both
parameters had fallen slightly further. These de-
creases in mineralocorticoid levels were not associ-
ated with detectable changes in external sodium
balance.
To assess the physiologic significance of the mea-
sured low levels of aldosterone in the potassium-
conserving mechanism, we prevented the fall in en-
dogenous mineralocorticoid levels by the adminis-
tering of exogenous hormone to rats on the potas-
sium-deficient diet. Electrolyte balances were then
carefully monitored in metabolic cages. Figure 3
(top panel) compares the negative potassium bal-
ance over 24 hours of animals placed on a low-po-
tassium diet and given sesame oil to those animals
on a low-potassium diet who receive 500 p.g of
DOCA. The bottom panel of Fig. 3 compares oil-
treated rats to rats which received as much as 5 mg
of DOCA after 72 hours of the potassium-deficient
diet. The lower dose of DOCA was used in the 24-
hour studies to approximate the upper limits of
physiologic levels of plasma mineralocorticoid [19,
20] in the rat. In rats whose mineralocorticoid levels
were not allowed to fall at the time of initiation of a
potassium-deficient diet (Fig. 3, top panel), potas-
sium losses were significantly greater than they
were in animals receiving the low-potassium diet
alone, whose mineralocorticoid levels fell (—1564
24 vs. —1032 83 tEq; P < 0.005). In contrast,
animals given large doses of DOCA after 72 hours
of potassium deficiency (Fig. 3, bottom panel) had
no significant difference in potassium excretion
when compared to that of the nontreated hypoka-
lemic rats. This failure of pharmacologic doses of
DOCA to increase potassium excretion in these ani-
mals after 72 hours of potassium restriction was fur-
ther corroborated in six anesthetized rats receiving
a graded saline infusion. The administration of 5 mg
of DOCA did not alter the blunted kaliuretic re-
sponse to saline-loading observed in rats after 72
hours on a potassium-restricted diet (maximal uri-
nary potassium excretion, 0.61 0.06 Eq/min for
low-potassium diet vs. 0.60 0.12 jsEq/min for
low-potassium diet plus DOCA).
JVa-K-ATPase activity (Table 2). In view of the
observed increase in the activity of the enzyme Na-
K-ATPase, which has been associated with adapta-
tion to a high-potassium diet [8], we anticipated that
the enzyme activity might be reduced during adap-
tation to a low-potassium diet. Table 2 demon-
strates that rather than a suppression of enzyme ac-
tivity a statistically significant increase in enzyme
activity occurred in whole homogenates of outer
medullary tissue, both after 24 and 72 hours of po-
tassium restriction. There were no changes in mag-
nesium-dependent ATPase activity.
Table 2 also reveals that the administration of
DOCA concomitant with initiation of the low-potas-
sium diet resulted in a further increase in N a-K-AT-
Pase activity when compared with that of animals
on a low-potassium diet alone.
Role of tissue potassium (Tables 3 and 4). The
N
Enzyme activity
1.eM P/mg protein/hr
Controlpotassiumdiet 10 15.8 1.6
24-Hourlow-potassium diet 8 27.6 2.5a
72-Hour low-potassium diet 6 26.1 2.8a
24-hourlow-potassiumdiet 6 34.5 14b
plus DOCA
0 to 24 Hours
Low-K diet + DOCA
—2000
—1500
—1000
—500
0
—1000
—500
U,
U)C
CU
-o
E
C,
05- 72 to 96 Hours
Table 2. Na-K-ATPase activity
a P < 0.05 vs. control.
IC P < 0.05 vs. 24-hour low potassium.
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Table 3. Tissue potassium content in animals, on a control potassium diet or after 24 hours and 72 hours of a potassium-deficient diet and
after the administration of potassium salts to animals on a low-potassium diet for 72 hours
N
Cortex
mEq/kgldry wt
Medulla
mEqlkgldry wt
Papilla
mEqlkgldry wt
Controlpotassiumdiet 18 331.1 3.1 411.6 5.4 399.7 10.3
24-Hour low-potassium diet 6 327.3 5.5 410.7 7.2 353.2 14.3
72-Hour low-potassium diet 6 305.5 6.4a 351.0 4.1c 295.2 75b
72-Hourlow-potassiumdiet 6 322.7 5.4 420.7 11.5 403.2 11.2
plus 2500 Eq potassium
a P < 0.05 vs. control potassium diet.
b p < 0.005 vs. control potassium diet.
P < 0.001 vs. control potassium diet.
effects of 24 and 72 hours of potassium restriction
on the renal content of potassium are summarized in
Table 3. After 24 hours of the potassium-deficient
diet, there were no changes in potassium content in
any of the three zones of the kidney. In contrast, by
72 hours of diet, there were statistically significant
decreases in the potassium content of all three
zones of the kidney. Since renal tissue potassium
was normal at 24 hours, at a time when external bal-
ance was clearly negative (1032 Eq), the possi-
bility that our tissue potassium measurements were
insensitive was considered. Thus, we determined
the content of potassium in skeletal muscle, a tissue
known to clearly parallel total body potassium con-
tent [21]. In contrast to the kidney, muscle potas-
sium was significantly decreased from 383.2 8.0
to 338.0 7.0 mEq/kg fat-free dry weight (P <
0.005) after 24 hours of the diet. After 72 hours,
muscle potassium decreased further to 314.7 5.0
mEq/kg fat-free dry weight (P < 0.001), thus close-
ly paralleling the negative potassium balance.
To evaluate the role that this lowered renal tissue
potassium content played in the diminished urinary
excretion of the cation at 72 hours, we used the
nasogastric administration of potassium chloride
and neutral phosphate salts to acutely replete tissue
potassium. This maneuver restored cortical, medul-
lary, and papillary potassium to 322.7 3.4, 419.8
11.1, and 403.2 11.3 mEq/kg fat-free dry
weight, respectively, values not different from con-
trol animals receiving nasogastric water (Table 3).
The plasma potassium concentration as well as the
basal and sodium chloride-stimulated potassium ex-
cretion of animals so treated are summarized in
Table 4. Plasma potassium concentration, basal and
saline-stimulated potassium excretion were not sig-
nificantly different from those values in control ani-
mals.
Micropuncture studies (Table 5). There were no
differences in urinary flow rate or GFR measured by
inulin clearance in the animals prepared for micro-
puncture experiments. Likewise; as has been dem-
onstrated by others [7], the fractional delivery of
potassium to the early distal tubule was not dif-
ferent between control animals (15.2 1.2%) and
animals on a potassium-restricted diet for either I or
3 days (mean, 14.3 1.1%). As was observed, how-
ever, in our earlier clearance studies (Table 1), uri-
nary potassium excretion was significantly reduced
after 24 hours on a potassium-deficient diet, and it
was reduced still further after 72 hours on the low-
potassium diet.
Results from the microinjection data show that
reabsorptive efflux of 42K was similar in control rats
(26.4 2.2%) and those on the low-potassium diet
for 24 hours (29.7 1.4%). Significantly more 42K
was reabsorbed, however, by the distal nephron of
animals deprived of potassium for 72 hours (41.5
Table 4. Effect of a graded saline infusion on potassium excretion in animals on a control potassium diet or 3 hours after acute potassium
repletion to animals on a low-potassium diet for 72 hoursa
Control Potassium repletion
Basal
(N = 6)
Medium
(N = 7)
High
(N = 7)
Basal
(N = 9)
Medium
(N = 8)
High
(N = 8)
PK,mEq/liter
GFR,cclminUV, uEqlmin
UKV, uEqltnin
4.31
2.06
1.28
1.81
0.07
0.11
0.45
0.17
—
2.83 0.26
8.40 1.00
3.10 0.17
—
3.11 0.31
53.60 4.60
3.69 0.24
4.33 0.10
2.23 0.15
1.61 0.31
1.85 0.09
—
2.77 (1.18
7.89 0.87
2.86 0.35
—
2.84 0.22
52.00 4.50
3.40 0.27
a All values are statistically NS compared to control animals at same sodium excretion.
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Table 5. Effect of dietary potassium restriction on recovery of microinjected 42K
Percent
Urine flow
mi/mm/kg
GFRa
mi/mm/kg
FE
%
42K recovery
42K/'4C X 100%
Control 0.269 0.028
(N=14)
5.12 0.357
(N=14)
30.5 4.06
(N=14)
73.6 2.18
(N=21)
24-Hourlow-potassium diet 0.210 0.026 4.70 0.166 12.2 l.83' 70.3 1.43
72-Hourlow-potassiumdiet
(N=16)
0.207 0.023
(N 14)
(N=16)
4.81 0.378
(N = 14)
(N=16)3.4 026b
(N = 14)
(N=21)
58,5 1,97b.
(N = 27)
a GFR of micropunctured kidney.
b P <0.001 compared to control.
P <0.005 compared to 24-hour low-potassium diet.
2.0%) compared to that in control (P < 0.001) and
24-hour potassium-deprived rats (P < 0.005). Al-
though the 42K micropuncture technique does not
allow for quantitation of net potassium reabsorption
by the distal nephron, it is a useful technique where-
by effective potassium removal from the late neph-
ron can be assessed. This is particularly so if there
is little or no secretion of the 42K that is reab sorbed.
The prompt appearance of the isotope in the urine,
which was complete within 2 mm and closely paral-
leled the appearance of inulin, suggests that such
was the case in our study.
Discussion
When placed on a low-potassium diet, animals
and man have the ability to avoid a precipitous de-
crease in serum potassium concentrations by de-
creasing the amount of potassium excreted in urine.
The present experiments in the rat indicate that re-
nal potassium conservation occurs within the ini-
tial hours of a potassium-deficient diet when potas-
sium excretion falls dramatically (Fig. 1). After 72
hours of diet, urinary potassium losses are negli-
gible. With the exception of hydrogen ion, the pres-
ent study systematically considers the mechanisms
responsible for this phenomenon.
As has been observed by others [7], the fractional
delivery of potassium from the proximal tubule was
not different in our rats on potassium-restricted
diets from that in rats on normal-potassium intake.
In contrast to control rats, who display a great in-
crease in the fractional excretion of potassium
(30.5%) when compared to that delivered to the
early distal tubule (15.3%), in animals maintained
on the low-potassium diet for 24 hours, the fraction-
al excretion of potassium in the urine (12.2%) is re-
markably similar to that delivered to the early distal
tubule, suggesting that there is little effective move-
ment of potassium in these animals. The lower rate
of urinary potassium excretion in these animals
could not, however, be attributed to enhancement
of potassium removal from the late nephron. These
rats excreted 70.3% of the injected 42K, a recovery
not different from the 73.6% observed in control
rats. Therefore, a marked decrease in secretion
must be implicated to explain the urinary findings.
After 72 hours on the diet, fractional excretion is
lower than the delivery to the early distal nephron
is, thus suggesting that in addition to the decrease in
secretion noted at 24 hours there must also be en-
hanced effective potassium removal. Our micro-
injection studies are consistent with this suggestion,
as 42K reabsorption significantly increased at this
time from 26.4 2.2% to 41.5 2.0% in controls (P
<0.001).
Since a decrease in distal nephron fluid delivery
may be associated with a decrease in net potassium
secretion in the distal nephron [3], it is possible that
a decrease in distal nephron fluid delivery may have
mediated the observed change in potassium secre-
tion observed in our studies. Bank and Aynedjian
[2] have shown that potassium deficiency leads to a
decrease in fluid delivery from the proximal tubule.
Although these studies were performed in rats
which had been made potassium deficient by diet-
ary means for several weeks, the possibility existed
that such changes in fluid delivery might occur ear-
lier in the course of potassium deficiency. The re-
sults of studies by Khuri et al [3] clearly showed
that volume expansion with a graded saline or saline
and urea infusion increased the delivery of sodium
and tubular flow to the potassium secretory site of
the nephron. Similar saline infusion rates in the
present studies to increase distal sodium delivery
and tubular flow were associated with a blunted ka-
liuresis after just 24 hours of potassium restriction,
despite sodium excretion rates that were not signifi-
cantly different from those of controls. Likewise,
the increased delivery of sodium with a non-
permeable anion was also associated with an im-
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pairment in potassium excretion. Since in these
studies potassium conservation occurred despite in-
creasing the distal delivery of fluid, our findings
strongly suggest that potassium conservation is in
great measure dependent on factors other than
changes in distal sodium delivery and distal tubular
flow rate. It is tempting to postulate that the results
of the sulfate infusion also rule out a role for
changes in transepithelial potential difference in po-
tassium conservation. Since no direct evidence is
available to demonstrate that sulfate infusions alter
the transepithelial potential difference in animals on
a low K diet, however, this postulate remains spec-
ulative.
Since aldosterone may exert a critical influence in
potassium homeostasis by influencing distal neph-
ron potassium secretion [22],experiments were de-
signed to investigate the role of mineralocorticoid
hormone in the initial potassium-conserving mecha-
nism. Several studies have demonstrated a decrease
in either plasma aldosterone or aldosterone excre-
tion when either animals [19] or human subjects [23]
are maintained on a potassium-deficient diet for
more than 4 days. In our studies, plasma aldoste-
rone fell precipitously after only 24 hours of a potas-
sium-deficient diet. The mechanism of this fall in
serum aldosterone is unclear, but a decrease in
serum potassium may well be responsible for it. The
physiologic importance of this suppression in al-
dosterone secretion toward the conservation of po-
tassium was confirmed by the more profound nega-
tive potassium balance observed in animals whose
hormone levels were not allowed to fall by adminis-
tration of exogenous DOCA given concomitant with
initiation of the potassium-deficient diet (Fig. 3, top
panel). This effect, however, was evident only in
the first 24 hours, since after the animals had been
on the potassium-restricted diet for 72 hours,
DOCA administration did not enhance urinary po-
tassium losses (Fig. 3, bottom panel). It seemed
therefore that the suppressed plasma aldosterone
resulted in a decrease in distal nephron potassium
secretion, even before measurable changes in tissue
potassium ensue, and was an early homeostatic
mechanism for potassium conservation. By 72
hours of the low-potassium diet, however, the rat
was able to conserve potassium independently of
the low plasma aldosterone levels. Thus, at this
time, factors other than the fall in plasma aldoste-
rone or the decrease in distal sodium delivery are
operative in modulating renal potassium con-
servation.
An increase in the activity of the enzyme Na-K-
ATPase has been associated with adaptation to a
high-potassium diet [8]. In fact, the ability of ani-
mals on a high-potassium diet to excrete an acute
potassium load has been proposed to be dependent
on the increased activity of this enzyme [24]. The
measurements undertaken in the present study re-
veal that the activity of the enzyme also was in-
creased in animals after 24 and 72 hours of a potas-
sium-restricted diet. Two other studies [25, 26] have
not demonstrated an increase in Na-K-ATPase ac-
tivity in potassium-depleted rats. These measure-
ments, however, were performed in rats depleted of
potassium for at least 1 month rather than the 24
and 72 hours of the present study. The increase in
Na-K-ATPase in the present study, however, was
not in itself responsible for the decrease in urinary
potassium excretion, since animals whose con-
serving mechanism was impaired by the administra-
tion of mineralocorticoids had an even higher en-
zyme activity (Table 2). The significance of this rise
in enzyme activity remains to be defined.
Finally, we sought an explanation for the obser-
vations that after 72 hours of potassium deficiency,
there was an increase in distal nephron potassium
reabsorption, as well as a marked decrease in the
kaliuretic response to both increased distal fluid de-
livery and pharmacologic doses of mineralo-
corticoid. Since the quantity of potassium in the
renal tubular cell has been shown to play a critical
role in influencing both potassium secretion and
reabsorption [5, 6], we measured the tissue cation
concentrations after 24 and 72 hours of the deficient
diet. After 72 hours, the potassium content was sig-
nificantly reduced in all three zones of the kidney
(Table 3). This finding supported the importance of
a decrease in renal tissue potassium concentration
as a critical modulator of renal potassium con-
servation in the rat after 72 hours on a potassium-
restricted diet. The significance of the decrease in
renal tissue potassium was studied by evaluating
the consequences of replenishing potassium stores
acutely after 72 hours of dietary restriction. Not on-
ly were the tissue and plasma potassium concentra-
tions restored to normal values, but both the basal
potassium excretion and the kaliuretic responses to
saline infusion were normalized (Tables 3 and 4).
This observation, therefore, further suggests that
the decrease in cellular potassium content is an im-
portant mediator of the conserving mechanism after
72 hours of a low-potassium diet. In addition to nor-
malizing cellular potassium, acute repletion of tis-
sue potassium no doubt also raises plasma mineralo-
corticoid levels. Although pharmacologic doses of
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DOCA did not cause a significant kaliuresis when
the animal had been potassium-restricted for 72
hours (Fig. 3), a secondary or permissive role of
mineralocorticoid hormone certainly cannot be
excluded when potassium stores are repleted. As
proposed by Tannen [27], the restoration of renal
tubular potassium also may decrease hydrogen ion
secretion, thereby allowing mineralocorticoid hor-
mone to enhance potassium excretion.
Summary. The results of the present study dem-
onstrate that the renal response to dietary potas-
sium restriction in the rat occurs promptly and is
essentially complete by 72 hours. The following se-
quence of events appear to occur during dietary po-
tassium restriction: after removal of potassium from
the diet, there is a prompt decrease in plasma al-
dosterone levels, so that after 24 hours of the diet,
aldosterone levels are very low. In the presence of
normal concentrations of renal tissue potassium,
the decrease in plasma aldosterone manifests itself
as a marked decrease in distal nephron potassium
secretion so that urinary potassium losses are less
than 50% of control values. By 72 hours of potas-
sium restriction, conservation is independent of
changes in mineralocorticoid hormone, distal so-
dium delivery, and Na-K-ATPase activity. At this
time, there is enhanced potassium reabsorption as
well as a decrease in potassium secretion by the dis-
tal nephron. A decrease in potassium content of
renal tissue appears to be the primary mediator of
this process.
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